Abstract Long-term nephrotoxicity of ifosfamide is occasionally progressive, and, in such case, there has been no specific treatment to prevent progression. It has been reported that the presence of karyomegalic interstitial nephritis, which is rare type of interstitial nephritis, may be related to ifosfamide-induced nephropathy with poor prognosis and resistant to the immunosuppressive therapy. A 15-year-old boy presented with progressive nephrotoxicity 3 years after systemic chemotherapy with ifosfamide and cisplatin for the treatment of osteosarcoma. Renal biopsy revealed the severe tubulointerstitial nephritis with tubular atrophy and focal global and segmental glomerular sclerosis. It also showed tubular epithelial cells with variably sized nuclei, some of which were massively enlarged, abnormal hyperchromatic, irregular shaped, and bizarreappearing. These morphological changes were suggestive of the histology of karyomegalic interstitial nephritis. Corticosteroid retarded the progression of nephrotoxicity. The present case is the first report, suggesting that corticosteroid was effective against the late-onset renal toxicity by ifosfamide therapy. Our case also suggests that karyomegalic interstitial nephritis may be the result of long-term nephrotoxicity of ifosfamide. Since concurrent treatment with cisplatin is one of the risk factors for ifosfamide nephrotoxicity, there is a possibility that cisplatin may have a synergetic effect with ifosfamide for producing karyomegalic interstitial nephritis.
Introduction
Ifosfamide, an oxazaphosphorine alkylating agent and a close analog of cyclophosphamide, is widely used for the treatment of solid tumors, particularly in children. Recently, its use in pediatric solid tumors such as Ewing's sarcoma, rhabdomyosarcoma, lymphoma, neuroblastoma, osteosarcoma, soft tissue sarcomas and Wilm's tumor has rapidly increased owing to greater antineoplastic activity than cyclophosphamide [1] . Improvements in pediatric cancer therapy have led to increasing numbers of long-term survivors. Therefore, the management of late adverse effects of cancer treatment is an increasingly important issue now. Nephrotoxicity of ifosfamide is mainly revealed as proximal tubule damage, and glomerular toxicity is normally secondary to that of tubular [1] . Severe proximal tubular damage manifests as Fanconi's syndrome [1] .
Several reports show the long-term renal toxicity of ifosfamide following cessation of its administration, even in glomerular toxicity [2, 3] . In the current report, we describe the case in which oral corticosteroid was effective in the treatment of the long-term nephrotoxicity of ifosfamide and cisplatin. Our case also exhibited karyomegalic interstitial nephritis that was rare form of interstitial nephritis and has been considered to be resistant to the therapy.
Case report
A 15-year-old boy was referred to the Division of Internal Medicine in National Cancer Center Hospital in June, 2012 because of the gradual deterioration of renal function. He used to be diagnosed with osteosarcoma of the left femur and treated with systemic chemotherapy (cisplatin, doxorubicin, high dose-methotrexate and ifosfamide) along with surgical excision in May, 2009. Radiation therapy was not performed. Treatment was complete in November, 2009, and at that time, his serum creatinine level was 0.8-1.0 mg/dL. A cumulative dose of ifosfamide was 69.7 g/m 2 . Even after cessation of chemotherapy, his renal function continued to deteriorate ( Fig. 1) . At visit, his serum creatinine level had gradually increased to 3.23 mg/dL until July, 2012. Although he had no history of hypertension and diabetes mellitus, he had been treated with losartan occasionally, which did not change the course of renal dysfunction. CT scan showed normal-sized kidneys with no hydronephrosis. No metastases were found on subsequent radiological stating.
For the evaluation of renal impairment, he was transferred to Keio University Hospital in August, 2012 to be undertaken percutaneous renal biopsy. Laboratory findings at renal biopsy are shown as Table 1 . His serum creatinine level was 3.51 mg/dL and urinary protein excretion was 1.10 g/day. His serum phosphate level was 3.3 mg/dL, and tubular threshold of phosphate was 0.98 mg/dL (normal range; 2.3-4.3 mg/dL). Glucosuria with normal serum glucose level and aminoaciduria were evident. Urinary excretion of b2-microglobulin was high (25,907 lg/L). These results indicated the presence of Fanconi's syndrome. He had metabolic acidosis with elevated anion gap (16 mEq/L). The causes of metabolic acidosis were evaluated as Fanconi's syndrome and chronic kidney disease. Gallium scintigraphy was performed just before the renal biopsy, and the result was within normal limit.
A percutaneous renal biopsy was performed to assess the cause of his progressive renal damage. Of 34 glomeruli, 18 were global sclerotic, one was segmental sclerotic, and two were collapsed. Thirteen other glomeruli were almost normal. There was severe tubular degeneration and interstitial inflammation (Fig. 2a) . Among infiltrate lymphocytes, CD3? (T lymphocytes) were dominant (Fig. 2b) . CD68 staining was not prominent as compared to CD3 staining, indicating that macrophage infiltration was not severe. The tubular epithelia showed severe dysmorphology and anisokaryosis, and epithelial cells with enlarged nuclei were seen occasionally. The foci of Ki-67-positive epithelia were scattered (Fig. 2c) , and this implied the regenerative changes in renal tubular epithelium. Marked e Electromicrograph showing that some tubular epithelia contained an increased lysosome nuclear cytomorphological change was apparent. This took the form of variably sized nuclei, some of which were massively enlarged, vesicular, irregular shaped and bizarreappearing (Fig. 2d) . These morphological changes were suggestive of the histology of karyomegalic interstitial nephritis. Although these changes were somewhat reminiscent of viral tubulopathy, the tubular nuclei showed no obvious staining for SV40 T-antigen, cytomegalovirus and adenovirus. According to the result of Masson-trichrome staining, interstitial fibrosis was observed in about 50 % of the cortical area. Fluorescent studies for immunoglobulin and complement were negative. Electron microscopy did not give additional morphological information. No viral inclusion could be identified, and some tubular epithelia with an increased lysosome were seen (Fig. 2e) . The changes were also thought to represent a form of karyomegalic interstitial nephritis. Serum creatinine was maximally increased to 3.72 mg/ dL. In spite of the global sclerosis in 60 % of glomeruli and the interstitial fibrosis in 50 % of the cortical area, we decided to prescribe corticosteroid to treat the active interstitial nephritis. Since his bone mineral density of spine was 85 % of young adult mean, modest dosage of oral prednisolone (20 mg/day) started in October 2012. Prednisolone apparently improved the course of renal function as shown in Fig. 1 . As of November, 2012, serum creatinine level was decreased to 2.55 mg/dL, and serum phosphate level was 3.2 mg/dL. The change of serum creatinine clearance (Ccr) also supported the improvement of renal function. It was 28.6 mL/min before treatment and increased to 42.5 mL/min 2 months after the initiation of prednisolone. His deterioration of renal function was inhibited by the treatment with modest dosage (20 mg/day) of oral corticosteroid. According to the change of serum creatinine, we adjusted the dosage of prednisolone several times and have kept the treatment with it (Fig. 1) . The level of Ccr was 39.5 mL/min 17 months after the initiation of prednisolone, and this value was still better than that before prednisolone therapy.
Discussion
This patient suffered from progressive renal damage even 3 years after the completion of chemotherapy. Renal biopsy revealed the focal global and segmental glomerular sclerosis, severe interstitial tubulonephritis and tubular atrophy. Corticosteroid was prescribed to suppress the interstitial nephritis with improved renal function.
Although it is not easy to clarify the direct reason of renal damage, we suggest that it must be a late adverse renal effect of chemotherapy, because no other causes of renal failure were apparent in our patient. Cisplatin, high dose-methotrexate and ifosfamide are all notorious to cause nephrotoxicity. The review article for renal late effects on patients treated for cancer in childhood [4] revealed that ifosfamide may cause permanent and potentially progressive kidney damage. In contrast, it was also described that the outlook for long-term recovery or stability of renal function caused by cisplatin is generally favorable and that methotrexate-induced nephrotoxicity appears to be entirely reversible. Thus, we speculated that ifosfamide is the major factor for late-onset renal toxicity.
Late renal adverse effect induced by ifosfamide has been reported in several articles [2, 3] . Skinners et al. [2] reported that 13 % of patients suffered glomerular toxicity (GFR \ 60 mL/min/1.73 m 2 ) 10 years after ifosfamide treatment in childhood. Prasad et al. [3] also reported that 17.1 % of children underwent glomerular dysfunction appeared to be causally linked to ifosfamide within a median follow-up of 29 months (range 9-135). A followup study in 75 patients who had completed ifosfamide treatment also found that subclinical damages developed in the first 2 years after completion of treatment [5] . Since the present case was also treated with ifosfamide 3 years ago, we speculate late onset of ifosfamide nephrotoxicity is the main cause of this renal dysfunction.
The most common manifestation of renal toxicity of ifosfamide is proximal tubular dysfunction and less often decreased GFR [4] . A statistically significant fall in mean GFR of 35 mL/min/1.73 m 2 was observed after completion of ifosfamide therapy [6] . The renal toxicity following ifosfamide treatment is subject to great inter-individual variability [7] . Evidence of renal damage may become apparent immediately after starting treatment or not until after the treatment is completed [1] . Due to these uncertainties, it is hard to predict the late damages by ifosfamide. High cumulative doses ([60 g/m 2 ), previous and/or concurrent treatment with cisplatin and prior unilateral nephrectomy are suggested as risk factors [1] . This patient was treated with high cumulative dose (69.7 g/m 2 ) and with the combination of cisplatin, which enhanced the nephrotoxicity of ifosfamide.
There are several reports of the finding of renal biopsy for ifosfamide-induced late nephropathy [3, [8] [9] [10] [11] [12] . Most of reports show the chronic tubulointerstitial damage, although segmental glomerular sclerosis was also reported [8] , which were also found in the present case. We also found the lesion typical of karyomegalic interstitial nephritis, which was also recently reported in ifosfamideinduced late-onset nephrotoxicity [9] . The authors presented three cases that were treated with ifosfamide, but without cisplatin. In this rare form of interstitial nephritis, systemic karyomegaly can affect other organs [13] and renal failure may be progressive [13, 14] . Although at present there is no specific treatment to prevent progression of renal impairment, the present patient responded well to the small amount of oral corticosteroid therapy with the favorable clinical outcome.
Ateşşahin et al. [15] revealed that a single dose of cisplatin led to karyomegaly in rat tubular cells, and concurrent treatment with cisplatin is one of the risk factors for ifosfamide nephrotoxicity [1] . Therefore, there is a possibility that cisplatin may have a synergetic effect with ifosfamide for producing karyomegalic interstitial nephritis. In contrast, as far as we know, there is no case report that shows the relationship between methotrexate and karyomegalic interstitial nephritis.
Karyomegalic interstitial nephritis is sometimes regarded as the heredity disease [16] , so there is the possibility that this patient had the subclinical karyomegalic interstitial nephritis before initiation of the chemotherapy. However, it is not the case because there were no sign of renal dysfunction and Fanconi's syndrome at least before the initiation of the chemotherapy. His serum creatinine was 0.5 mg/dL, and Ccr was 160.5 mL/min just before the first chemotherapy. In addition, there were no hypokalemia, hypophosphatemia, proteinuria, hematuria and glucosuria. Thus, we speculated that karyomegalic interstitial nephritis was also induced by the chemotherapy.
Since karyomegalic changes of tubular epithelia were believed to be associated with the cell cycle disturbance, the immunohistochemistry for the proliferation marker Ki-67 was performed. Some large nuclei were positive for Ki-67, but negative large nuclei were also observed. There was no different reactivity for Ki-67 between large and small nuclei. The level of positivity for Ki-67 staining is not so high as compared with usual interstitial nephritis, and the localization of Ki-67 positive cells was not regional. Therefore, we were unable to show the existence of the cell cycle disturbance in our case.
In summary, this case report described rare histological finding of karyomegalic interstitial nephritis after the treatment of ifosfamide. There is a possibility that cisplatin may have a synergetic effect with ifosfamide for producing karyomegalic interstitial nephritis. Our case can provide a novel therapeutic choice, corticosteroid, against the progressive nephrotoxicity several years after the ifosfamide therapy.
McCulloch et al. [9] prescribed corticosteroids to ifosfamide-induced chronic tubulointerstitial nephrites, without noticeable effect. Morland et al. [8] speculated on the possible effect of steroid in ifosfamide-induced nephrotoxicity. They, however, did not use steroid because the renal function was stable after renal biopsy. At present, the main strategy against late nephrotoxicity was its prevention by antioxidants therapy [1] . Our case is the first that corticosteroid was possibly effective for the long-term nephrotoxicity after the completion of the ifosfamide therapy. As shown in Fig. 1 , the 1/Creatinine slope for a year before the prednisolone administration is -0.0009, whereas the slope for a year after the administration is -0.0002. Thus, the prednisolone seemed to retard the progression of nephrotoxicity, and this effect did not look transient. It was, however, impossible to estimate this effect statistically, because the data were derived from one patient. In our case, steroid only retarded the deterioration of renal function because the basic renal function had already been impaired. We speculate that steroid is more effective to an earlier stage of ifosfamide-induced nephrotoxicity.
The mechanism of ifosfamide long-term nephrotoxicity is not fully understood. The residual nephron after the initial decrease in nephron mass experiences compensatory overuse injury, which causes a further decline in renal function. Another mechanism is the sustained inflammatory response. Sehirli et al. [17] demonstrated an increase in serum concentration of cytokines, TNF-a, IL-1b and IL-6 in the patient treated with ifosfamide. These inflammatory changes induce further tubular damage. We speculate that corticosteroid can break off the part of this selfcontinuing process.
Informed consent Informed consent was obtained from the mother of this patient for publication of this case report and any accompanying images, because this patient was under 16 years of age.
